Both academia and government institutions have paid signifi cant attention to approach crime, over the last two decades. It seems that these approaches view crime as an isolated event and very little attention has been given to study the dynamic behaviour of crime through time. To understand the dynamics of crime, organisations need to answer a key question: How does crime evolve through time? This research uses a three parameter logistic function and nonlinear regression process to develop an understanding of the dynamics of crime in Mexico. It seems that crime behaviour is an orderly diffusion process. The patterns of temporal diffusion seem to grow slowly at the beginning, followed by an accelerating and then decelerating growth, culminating in saturation or decline. This might help to a better understanding of the rate of crime change so that better approaches can be formulated for preventing and controlling crime.
INTRODUCTION
Until very recently, Mexican institutions seem to approach crime by the trial and error method. Methods and tools of science have enhanced this approach. That is, law enforcement and related institutions are working hard to dismantle long-standing barriers that separate them from scientifi c methods and communities. On the other hand, there has been an underlying opinion within the academic and analysts' community that the nature of crime has changed [1, 2] . However, very little attention has been given to study the behaviour of crime as the consequence of inter-related parts of situations or systems. Crime prevention and major investment in crime control depend on a correct understanding of the patterns of temporal diffusion of crime. To foster this understanding, this research project addresses the following questions: How does crime change? Does it follow the S-curve? Are crime changes predictable? Is the rate of crime change increasing? In terms of a testable hypothesis regarding shape, path and dynamics, the most precise hypothesis can be formulated as follows: H 1 : Crime progress on a primary dimension follows an S-shaped growth curve. The research question is verifi ed through collecting data from prevailing publications. In the remaining sections of the paper, the literature review, method, results and conclusions and further research are presented.
CRIME SCIENCE

Rates of change of crime
By trying to understand the nature of today's control of crime, it seems that there is something unique and it has to do with the rate of change. Change in technological, social, political, scientifi c research, etc., is happening all around. Is crime progress predictable? How does crime change? In terms of a testable hypothesis regarding shape, path and dynamics of crime change, the research hypothesis can be formulated as follows: H 1 : Crime evolve on a primary dimension following an S-shaped growth curve. Science has been used to explain why crime situations have evolved as they have over time. For example, Sirén [3] developed regression models that describe the changes in the assault rate in Finland between 1950 and 2000. Gutauskas et al. [4] discuss the political, socio-economic, organisational and cultural issues that infl uence the dynamics of change in organised crime in Lithuania from the late 1980s to the early 2000s. It is contended that the interpretation, explanation and forecasting of crime trends are the basic tasks in macro criminology. Lawton et al. [5] use time series models to measure the effectiveness of a programme called 'Safe Streets' during its fi rst 18 weeks of operation in Philadelphia, USA. Seager [6] uses multiple regressions analysis to analyse violent men's impulsivity and self-schemas for a hostile world. On the other hand, Kivivuori [7] studies the rate of murdering in Finland between 1950 and 1999. Similarly, the adolescent female delinquency rate has grown faster in the Netherlands than the corresponding rates among boys [8] . Schehr [9] seeks to assess current trends in the application of risk discourse as a way to facilitate eradication of non-normative deviant behaviour. He argues that conventional risk assessment serves the ideological purpose of marginalising undesirable groups, which leads to the creation and proliferation of technological and behavioural modes of social control. Buffington [10] contends that crime has followed well-defi ned patterns since the Mexican independence era. It is argued that the Mexican justice system consolidated through time but fi nally superseded. Piccato [11] , on the other hand, analyses the perception of crime during the last century in Mexico City. Several crime issues, such as sources of crime, police and judicial corruption practice, gender violence and juvenile delinquency are addressed. It further discussed the reactions of urban communities and civil organisations against crime. Finally, Skogan and Hartnett [12] discuss the shape of the diffusion curve that describes the pace of adoption of a technology and examine the factors associated with the adoption and the extent to which the innovation was actually used in municipal police departments.
THE CONTEXT OF CRIME IN MEXICO
The situation
Anyone who has actually observed the Mexican public security management situation will understand that crime, impunity and corruption are all interrelated. New kinds and more organised crime, such as human and weapon smuggling, drug traffi cking and mass murdering have emerged over the last few years. Figure 1 exhibits the situation as an overall structure of the situation in recursive levels. It intends to describe the whole system's constituents, how the constituent elements are related to each other and the key characteristics of the components and their relationship.
The law enforcement system
The federal, states and district executives are at the top level of the law enforcement system. Their main function is inter alia to execute policies and plans to provide security to the whole country. The next level of the law enforcement system consists primarily of the ministries of public security (SSPs) and the general attorney of the republic (PGR); also, there are attorney's offi ces at state level (PGJEs) and the Federal District (PGJDF). The SSP essentially consists of the federal police force that has been increasing in size over the last few years (Fig. 2 ). They all are in charge of upholding the rule of law. However, it seems that the preferred approach of the law enforcement system is coersive rather than effective control of crime.
The judicial system
The judicial system is intended to ensure the compliance of the Mexican Constitution over the legislations and edicts by the federal executive, including the state executives or the legislative system. In general, the Mexican legal system is built on a civil law framework. This system focuses primarily on the text of actual laws than on prior court decisions. In other words, one studies the law and makes the best argument, given the facts. Because of the endemic practice of corruption, impunity and bribery, very often inappropriate political interferences in the legal system deny Mexicans the right to a fair and impartial justice.
The legislative system
This system is in charge of legislating and deliberating new laws, policies, plans and programmes with the aim to provide a better future for the people of the nation. However, whenever the members of the legislative system, including members of the executive system and politicians, gather to discuss the existing state of affairs that includes crime, with a view to creating a new vision of the future, they very often begin by acknowledging the accepted categories by which those affairs are discussed and analysed. They all speak of health, education, welfare and security just as if it were not the same person, who is well or ill, educated or uneducated, nurtured or mal-nurtured, cared for or abandoned and victim or offender. In the case of crime, probably it is more important to ask: how shall Mexicans ever conceive a new vision if they are bound by the categorisation that delivered crime problems to them in the fi rst place? Moreover, before deciding whether the whole system is fi t for purpose, perhaps it is better to decide what that purpose is. It seems that Mexican law makers and politicians approach crime in a reductionistic manner rather than seeing it as the consequence of systemic interactions between the elements of the whole system.
The social system
The last general survey reports that the Mexican population exceeds 100 million inhabitants. Everything is steadily improving in the world of very few inhabitants, while the quality and standard of life of millions are getting steadily worse. In general, Mexicans, in civil associations, or in NGO, have realised demonstrations throughout the country to express their concern about the increasing rate of crime, such as violence against women, kidnappings, murdering, violation of the rights of minority groups, murdering of journalists, disappearances, drug traffi cking and associated violence, fraudelent elections and the excessive use of force in the practice of policing. Signifi cant effort has been made to protect Mexicans against corruption, impunity and crime over the last decades. However, it has become apparent that whatever the vast majority of Mexicans do to affect real change, powerful infl uences have tended to maintain the status quo ante. The whole system needs to innovate.
The crime system
It is well documented that there are many criminal organisations, including drug traffi cking organisations, smuggling gangs, alien smuggling networks, foreign transnational organisations, such as Russian, Chinese, Japanese, etc., domestic insurgent and terrorist organisations and foreign terrorist organisations, operating in Mexico [13] . They are evolving into more sophisticated modus operandi to survive in a very competitive environment. Also, the more traditional forms of crime, such as robberies/assaults, burglaries, murdering/ injuries, rape and sexual violence, child pornography, racism/discrimination, kidnappings and antisocial behaviour are expanding and adapting to the modern forms of the Mexican's life style. Moreover, criminals are evolving into new forms of crime with modern information technology to commit crimes, such as frauds, piracy and different forms of cybercrime and is increasing with time ( Fig. 3 ).
The system-in-focus and data gathering
The system of interest or in focus here is the crime system ( Fig. 1 ). In particular, the system-in-focus is the crime committed at the state jurisdiction level. There has been a signifi cant effort by the researchers and experts in gathering and analysis of crime data, over the last few years. However, a readymade crime database does not exist for the study of crime behaviour and the patterns of temporal and spatial diffusion of criminal systems in Mexico. In this research project, crime data has been gathered, following the historical method proposed by Golder [14] . The possible benefi ts of using a historical method include lower survival and self-report bias in both upwards and downwards direction. Moreover, one can assess causality through longitudinal analysis and gain new insights from a fresh reading of the Mexican contemporary history. A brief description of the sample selection, sources and procedure for data collection is provided below.
Sample selection
Two main criteria have been used to select data categories: (a) data directly related to the performance of criminal systems extracted from prior research and (b) data not directly related to the criminal systems but that refl ects the behaviour of crime. That is, categories of crime have been selected such that they include some data that has been investigated in prior research, for example, serious crime under state or federal jurisdiction and others that have not been researched, for example, the growing rate of private security business over the years. This might enable to compare results with prior studies and validate the fi ndings of the present research project. In this research project, published data directly related to the performance of crime has been selected in order to test H 1 . Based on this criterion, the following crime data categories have been chosen: serious crimes under federal and state jurisdictions have been gathered. The sample crosses a broad spectrum of crime.
Sources of crime data
The information required for this study is data on criminal system performance for various types of crime at different epochs of their evolution. The primary sources of the data are reports in technical journals, and publications of the PGR, PGJEs and PGJDF, white papers published by R&D organisations and universities and annual reports of NGOs. In addition, past and current crime performance has been recorded from the mass media and press releases. 
Procedure of data gathering
In general, the phases for data collection of the historical method as proposed by Golder [14] have been followed throughout the data gathering process. A specifi c research question is addressed: How do crime temporal patterns of diffusion evolve? As discussed above, the fi rst step of the data collection process is to access and gather available crime data from different sources, such as the crime data reported by Piccato [15] , crime data reported by Arango and Medina [16] , crime data compiled by the PGR and crime data reported by PJGDF and from other sources. The resulting data set includes information on a wide range of crimes. It has been straightforward to establish authorship, date of publication and verifi cation of that data has been the result of scientifi c inquiry. Moreover, Piccato, Arango and Medina are widely recognised experts on Mexican crime issues. 4 PATTERNS OF TEMPORAL DIFFUSION OF CRIME First, the identifi cation of different categories of crime and the performance attributes in each category is presented. Second, the fi ndings on the research question regarding the shape, path and dynamics of the crimes in Mexico are discussed.
Crime categories and performance attributes
Broadly speaking, crime data categories have been classifi ed as latent and patent crime data. In turn, these categories have been further broken down into serious crimes under states jurisdiction or misdemeanour and serious crimes under federal jurisdiction. Latent data refers to the data that is not directly related to crime but refl ects the behaviour of the crime, for example, the growth rate of insurances against crime, while the patent crime data directly relate to the performance of criminal systems, for example, murdering rates. The later category has been addressed by various researchers, such as those mentioned in the previous section. For the purpose of this paper, the patent crime data gathered and analysed by Piccato [15] , Arango and Medina [16] are used to study the temporal diffusion of crime in Mexico.
Many crime issues, such as cybercrime, copy right or piracy, bullying, racial discrimination, disappearances, violation of rights of indigenous people, etc., may not be readily distinguishable to the researchers for many reasons. For example, very often, crime control institutions tend to manipulate the facts about crime committed by the law enforcement institutions. It is very well recognised that a major reason for the ineffi cient crime control is the lack of an effective crime data collection and analysis system, at both state and national level.
When testing the S-shaped curves, it is recommended by Foster [17] and Altshuller [18] to use performance of the system as the key independent variable. In each category, at a particular phase of crime evolution, certain dimensions of performance assume primacy. Based on the historical description of crime, it is fairly easy to identify these dimensions. In choosing metrics of performance, output per unit of input was taken into consideration carefully.
Shape, path and dynamics of crime
In H 1 , it is contended by the authors that crime evolves through S-curves. Crime performance was plotted on the y-axis against time on the x-axis (Figs. 4-6) . These plots suggest that crime has a slow start and a sudden fast growth. As can be seen in these fi gures, it is found that a single S-shaped path with a single infl ection point is followed by plateau or maturity in all categories of data.
To verify that crime evolution follows the logistic function (H 1 ), the following tests were realised. First, a three parameter logistic function was fi t to the crime data, as reported by Arango and Medina [16] and Piccato [15] (Fig. 4 ). As hypothesised, these curves reveal a single S-shaped curve:
where Y(t) represents the S-curve growth through time of a population or process, Y. This is often called as the logistic model. Three parameters control the shape of the sigmoid growth trajectory: b controls the steepness (diffusion or growth rate) of the model; k denotes the asymptotic limit (or saturation level) and t m denotes the middle or infl ection point. It should be noted that the infl ection point occurs at k/2, where the growth rate (dY/dt) is at a maximum. Also note that k is sometimes referred to as the 'carrying capacity'. A convenient notation for the diffusion rate, b, is Δt, where Δt is the time the process takes to grow from 10% to 90% of the saturation level, k. Approximately the same length of time is required for the process to grow from 1% to 50%. The nonlinear regression process, as described by [19] , and Matlab programming language were used to estimate the parameters of the model over the entire data sample. Second, crime data, as published by Arango and Medina [16] , PGR [20] , and Jornada [21] , also seem to exhibit S-curves ( Fig. 5) . Again, the three parameter logistic function was used to fi t the entire series of data. In general, the goal is to test how well an S-curve fi ts on the whole sample for a longer period of time and for the entire country, and whether it fi ts better on a sub-sample, i.e., for a particular state, such as Mexico D.F. Finally, crime data, as published by Arango and Medina [16] , also exhibit the S-shaped path. Once again, the logistic function was used to fi t the crime data to the S-curve pattern. Figure 6 shows the resulted curves. It was found that for the crime categories with an apparent single S-shaped curve, the three parameter logistic function provides a good fi t with the data, as reported by Arango and Medina [16] , and Piccato [15] (Fig. 4 and Tables 1-4 ). For the remaining data, as published by Arango and Medina [16] , PGR [20] and Jornada [21] , S-shaped curves fi t well over the sub-samples. For both data sets for the entire country and for Mexico D.F. with an apparent Table 4 : Analysis of variance of reported misdemeanour crime in Mexico D.F. (Fig. 4d) . In summary, the hypothesis of a single S-shaped growth in crime performance is supported for all data categories. The importance of this fi nding is that a crime policy-maker expecting that crime rate is lowering may emphasise on current practice. That is, crime usually is considered as a static phenomenon; however, as exhibited in Figs. 4-6 , crime is a evolving phenomenon. This may require creative thinking to address crime effectively. Table 6 : Analysis of variance of reported crime under federal jurisdiction in Mexico D.F. (Fig. 5b) . As can be seen in these curves, the crime data set, as reported by Arango and Medina (2006) , with apparent sigmoid-shaped, the three parameter logistic function provides a good fi t with the data set. The three parameters that control the shape of the growth path of crime shown in Fig. 4a are the diffusion rate, b = 0.5973, the infl ection point, tm = 1999.8 and saturation level, k = 1.0598e + 007, while the diffusion rate, b = 0.6774, the infl ection point, tm = 1999.1 and the saturation level, k = 1.3668e + 006 correspond to the S-shaped curve shown in Fig. 4b . Tables 1 and 2 show the analysis of variance of both crime data sets. The growth rate of crime in Mexico D.F. is slightly higher than for the entire country (0.6774 > 0.5973). It seems, in both cases, that growth of crime has started to decline as evidenced by the infl ection points 1998.8 and 1999.1, respectively. However, this is not totally true, when a longer period of time is considered, as shown in Fig. 4c and d . As depicted in these curves, for the crime data set for a longer period of time, as reported by Piccato (2006) , with apparent S-shaped path, the three parameter logistic function provides good fi t. The corresponding parameters for the S-shaped curve of the misdemeanour crime in Mexico as a whole are the diffusion rate, b = 0.0397, the infl ection point, tm = 2022.5 and the saturation level, k = 1.7245e + 007. The diffusion rate, b = 0.0377, the infl ection point, tm = 1996.4 and the saturation level, k = 1.3533e + 006 correspond to the misdemeanour crime rate in Mexico D.F. In this case, crime growth rate in Mexico D.F. is slightly lower than in the entire country (0.0377 < 0.0397). The infl ection point for the crime growth in Mexico D.F. is very similar to the infl ection point of the curve shown in Fig. 4b , that is, tm = 1999.1 and tm = 1996.4, respectively. In contrast, the growth rate, as shown in Fig. 4c , is much lower than the crime growth rate shown in Fig. 4a , that is, 0.0397 < 0.5973. In other words, the growth of misdemeanour crime for a longer period of time, as shown in Fig. 4c , has not reached the infl ection point, which is tm = 2022.5. The growth of misdemeanour crime in Mexico D.F., on the other hand, has already passed the middle point (tm = 1999.8). Tables 3 and 4 report the analysis of variance of misdemeanour crime in Mexico as a whole and in Mexico D.F., in particular, respectively. Similarly, Fig. 5 exhibits curves as diffusion process, that is, serious crimes under federal jurisdiction through the years. It should be noted that crime performance shown in Fig. 5d is not strictly categorised as federal, but it has attracted federal attention over the last few years. As shown in Fig. 5a , for the crime data set, as reported by Arango and Medina (2006) , with S-shaped curve, the three parameter logistic function provides good fi t. The parameters that describe the dynamics of the crime growth path are the following: the diffusion rate, b = 0.6552, the infl ection point, tm = 1999.6 and the saturation level, k = 5.4217e + 005. Equation (1) provides good fi t with the data set, as reported by Arango and Medina (2006) , regarding the federal crime in Mexico D.F. As shown in Fig. 5b , the parameters that defi ne the growth curve are the diffusion rate, b = 0.6773, the infl ection point, tm = 1999.1 and the saturation level, k = 9.8410e + 004. From these two S-shaped curves, it can be said that the federal crime growth rate and the middle point of the crime growth, in both (a) and (b), are very similar in both curves, that is, 0.6552 ≅ 0.6773 and 1999.6 ≅ 1999.1, respectively. Tables 5 and 6 report the analyses of variance that support the good correlation of the raw and fi tted data, respectively. On the other hand, for the data set, as reported by the PGR (2006), with an S-shaped path, the logistic function provides good fi t (Fig. 5c ). Like in the previous cases, the parameters that describe this S-curve are the diffusion rate, b = 0.9609, the infl ection point, tm = 2002.4 and the saturation level, k = 8.8617e + 005. It should be emphasised that this curve does not relate directly to criminal system performance, but it refl ects indirectly to the dynamics of criminal systems. For registered murdering of women in CD Juarez data set (Jornada 2006) , with S-shaped path, the logistic function fi ts very well (Fig. 5d ). The corresponding parameters that defi ne this curve are the diffusion rate, b = 0.5004, the infl ection point, tm = 1997.2 and the saturation level, k = 271.4124. Tables 7  and 8 summarise the analysis of variance that support the claim that the logistic function fi ts very well with crime raw data sets. As noted above, the murdering of women in CD Juarez in the northern state of Chihuahua is not strictly categorised as federal crime, but due to pressures from different organisations, it attracted the federal government's attention.
Discussion
Finally, Fig. 6 shows curves as the cumulative number of convicted criminals under federal and state jurisdiction in Mexico and Mexico D.F. through time. The diffusion processes as depicted by the S-shaped curves were fi tted to the data reported by Arango and Medina (2006) , by using eqn (1) . Figure 6a and b shows the dynamics of convicted criminals under state jurisdiction for Mexico D.F. and Mexico, respectively. The three parameters that control the shape of the growth path shown in Fig. 6a are the following: the diffusion rate, b = 0.2095, the infl ection point, tm = 1995.3 and the saturation level, k = 2.6534e + 005. And the parameters that shape the S-curve of the convicted criminals under federal jurisdiction in Mexico D.F. (Fig. 6c ) are the diffusion rate, b = 0.2936, the infl ection point, tm = 1992.1 and the saturation level, k = 2.7895e + 004. Tables 9-12 provide the analysis of variance that shows Table 9 : Analysis of variance of convicted criminals under state jurisdiction in Mexico D.F. (Fig. 6a) . the robustness of these results. As can be seen in these curves, the growth rate of convicted criminals under federal jurisdiction is higher than the growth rate of convicted criminals under state jurisdiction (0.2936 > 0.2095). Thus, the fast increase the number of convicted criminals under federal jurisdiction (tm = 1992.1) might refl ect an improvement of the efficacy of the crime control system. However, it also means that serious crimes under federal jurisdiction are increasing rapidly over the last few years. In contrast, the low growth rate of convicted criminals under state jurisdiction might refl ect that crime, in general, is decreasing in Mexico D.F. This evidence is also shown in Fig. 4b and d . On the other hand, Fig. 6b and d show curves that describe the dynamics of convicted criminals under state and federal jurisdiction in Mexico as a whole. The parameters that describe the patterns of convicted criminals under state jurisdiction for the entire country (Fig. 6b ) are the following: the diffusion rate, b = 0.2560, the infl ection point, tm = 1994.7 and the saturation level, k = 2.0962e + 006. The diffusion rate, b = 0.2737, the infl ection point, tm = 1995.5 and the saturation level, k = 4.0082e + 005 correspond to the S-curve ( Fig. 6(d) ) for the convicted criminals under federal jurisdiction. It can be seen that the growth rate of convicted criminals (0.2737) is lower than the growth rate of reported criminals (0.6552) as shown in Fig. 5a . This might either show the ineffi cacy of the judiciary and crime control systems to approach crime, which leave many criminals free on the Mexican streets or shows the crime reporting systems as ineffective. Similar conclusions can be drawn from the fact that the growth rate of convicted criminals (0.2560), as shown in Fig. 6b , is much lower than the growth rate (0.6774), as shown in Fig. 4b , of reported criminals in Mexico D.F. This might be an indication of the high level of impunity and corruption that are believed to be endemic in the country. To summarise, the hypothesis of an S-shaped growth curve in crime performance is accepted as supported by both the crime data sets of Mexico as a whole and for the samples of crime data for Mexico D.F. The importance of these fi ndings is that an analyst may use the logistic function to study the dynamics of crime so that better plans for reducing and preventing crime can be formulated. From these results, it can be said that crime performance evolves through S-shaped curves. The path of crime evolution seems to be predictable, and the rate of crime change or growth increases over time. However, it should be emphasised that the study described here has several limitations. First, there was a need to limit the analysis to only those published categories of crime data because of the time-consuming nature and diffi culty of data gathering and analysis. Second, the analysis of performance did not include the performance of the law enforcement system. Third, people or social systems performance based on their behaviour with respect to crime was not incorporated in the analysis either. Finally, despite the efforts spent in the process of data collection by different organizations and researchers, the existing crime data sets are incomplete. 5 CONCLUSIONS AND FURTHER RESEARCH This paper presented the results regarding the patterns of temporal diffusion of crime, considering the cases of crime in Mexico through the use of a three logistic function model and the nonlinear regression process to fi t the model to all the crime data sets. Although the results of this study are not strictly conclusive, it has several implications for policy-makers and decision-makers. First, using the S-curve to predict the performance of criminal systems may help to better visualise the measures for reducing and preventing future crime acts. Second, the continuous emergence of new forms of crime and the steady growth of crime performance suggest that relying on the status quo is not the best approach to crime prevention and reduction. Moreover, the S-shaped patterns of temporal diffusion have a slow growth at the beginning, followed by accelerating and then decelerating growth, culminating in saturation. This means that criminal systems adapt through time. Future research includes addressing some of the limitations listed above, and performing several analysis that cover not only patterns of temporal diffusion of other systems, such as judicial, legislative, law enforcement and social systems but also spatial diffusion processes and and how creative design can contribute to prevent the evolution and growth of crime.
